THE FLUORIMETRIC METHOD of Weil-Malherbe and Bone (1, 2) , with minor modifications, has been applied successfully in this laboratory to the measurement of epinephrine and norepinephrine in the plasma of normal human subjects and rats subjected to traumatic injury. The measurement of these hormones in normal rats has been reported elsewhere (3) .
This report describes the modifications (resulting from the use of materials readily available in this country) which have been made, the precision and accuracy of the method, using both human and rat plasma, proof of specificity of the method as applied to rat plasma catechol amines, and the measurement of plasma catechol amines in human subjects of various ages.
MATERIALSAND METHODS
The technic reported in this paper differs from the method of WeilMaiherbe and Bone (1) in the following items:
Instrument:
Photofluorometer (Farrand Optical Company).
Filters:
All filters manufactured by Corning Glass Company. Primary:
(1) No. 5113-one "standard" thickness and one one-half thickness. (2) No. 3389-"standard" thickness. Reagents were prepared according to the directions of Weil-Maiherbe and Bone, except that the ethylene diamine was distified through a 20 cm. Vigreaux column just before use, in order to obtain minimum fluorescent blanks. After distillation this reagent can be stored for several days in a glass-stoppered brown bottle. 
STANDARDS

Stock epinephrine:
Prepared 
CHROMATO6RAPHIC COLUMN
One piece, consisting of reservoir of approximately 35 ml. capacity attached to a column 15 cm. long with inside diameter 6 mm. and a capillary 5 cm. long with inside diameter 1.5 mm. (Fig. 4) .
All glassware except the euvets is washed by rinsing with tap water, soaking in a good grade of laboratory detergent, rinsing with distilled water and finally with glass-distilled water, and allowed to air-dry, inverted.
The cuvets are boiled in 1:1 mixture of cone. HNO3 and water, followed by rinsing as above.
Cuvets are calibrated using a very dilute solution of sodium fluorescein.
Starting with approximately 150 cuvets, it is possible to obtain a sufficient number which give identical readings with the fluorescein solution.
PROCEDU RE
The alumina column for extraction of the plasma is prepared as follows: A small glass-wool plug is placed in the constriction of the column, and a stopper, consisting of a piece of rubber tubing with a pinch clamp, is placed on lower end. Sufficient buffer is added to fill the narrow portion of the column, and a slurry of alumina in 2.5 ml. acetate buffer (1) is added with stirring.
As the alumina settles, a small glass rod is worked gently up and down in the column to remove any air bubbles and to prevent the alumina from clumping. The stopper is then removed and when the descending buffer level has almost reached the top of the alumina column, the plasma sample is added. The sample is allowed to flow through the column. The extraction on alumina and elution of the catechol amines is carried out as described by Weil-Malherbe and Bone (1). The acetic acid eluate is transferred to a ground-glass stoppered test tube and the fluorescence developed (1). However, the fluorescent derivatives are allowed to cool at room temperature for 25 minutes. An aliquot of the isobutanol extract is obtained (1) and measured in the fluorometer. Standard solutions of 0.1 ,g. of epinephrine and norepinephrine, each in 10 nil. of 0.1N acetic acid, and a reagent blank are treated in a manner similar to the eluates. Standards of 0.2 &g. can be used if the anticipated values are high as, for example, in specimens from a severely traumatized animal.
It is important that the standards be carried along with the unknown samples in every step of the analysis and that they be treated identically with respect to heating and cooling, etc., because the fluorescence of the norepinephrine derivative in aqueous solution changes with time, even after heating for 20 minutes. However, once the material has been extracted into isobutanol the fluorescence is stable for several hours.
Readings on the fluorometer are taken with each set of secondary filters. With the No. 3486 as secondary filter, the sensitivity is set to give full scale deflection with the epinephrine standard; the norepinephine standard, samples, and blank are read at this setting.
CALCULATIONS
The concentrations of epinephrine and norepinephrine are calculated by the equations derived by Weil-Malherbe and Bone (2) . It was noted that the variation of the ratios is dependent to some extent on the method of cooling. The manner of cooling reported above gave the most reproducible results.
RESULTS
REPRODUCIBILITY AND RECOVERIES
The precision of the method was checked by analyzing aliquots of pooled plasma.
The results with both human and rat plasma are shown in Table 1 . Percentage recoveries were determined by adding known amounts of either or both catechol amines to human and rat plasma (Table 2) .
When samples contained less than 0.01 &g. in the eluate, the recoveries dropped to about 75 per cent and were variable, due largely to 
SPECIFICITY
Weil-Malherbe
and Bone (6) have reported that the substances estimated in human plasma by their method are epinephrine and nore pinephine.
However, their technic for the identification involved a preliminary extraction which was not used in their regular procedure. Consequently, we have examined the material which comes directly from the column. Table 3 illustrates that known epinephrine and norepinephrine come off the column unchanged. The chromatography of the catechol amines prior to being put on the column and those that have been run through the column were carried out as reported elsewhere (6) .
In order to obtain a sufficient quantity of the physiologically occurring hormones, the substances were extracted from plasma of rats subjected to tumbling trauma, a condition known to elevate the level of both compounds (3). They have been identified as epinephriue and norepinephrine by chromatographic analysis of the fluorescent deny- (7), sacrificed by decapitation and the blood collected in a solution of sodium fluoride-sodium thiosu].fate as previously described (3) . The pooled plasma (approximately 70 ml.) was divided into 10 ml. aliquots and each aliquot carried through the extraction and condensation with ethylene diamine in the usual manner. In order to concentrate the fluorescent derivatives for paper chromatography, the first sample was extracted with 6 ml. of isobutanol, the isobutanol extract removed and used to extract each of the remaining samples in succession.
On each of three Whatman No. 1 ifiter paper strips measuring 48 X 8 cm. (6) 1 ml. of the isobutanol extract and 1 ml. of an isobutanol extract containing a mixture of the fluorescent derivatives obtained from 0.1 pg. of epinephrine and 0.1 pg. of norepinephrine was spotted. The spots were applied with a pipet 2.5 cm. apart on a line 3 cm. from the bottom of the paper, and dried with a stream of warm air. Chromatograms were developed in three different solvent systems using the ascending technic. Each chromatogram was allowed to run 20 hours. The paper was then air dried and scanned in a dark room with a hand ultraviolet lamp. Tinder ultraviolet light the epinephrine derivative appears as a yellow fluorescent spot and the norepinephnine derivative as a blue-green spot. Table 4 shows the results of two separate experiments, each performed on two different groups of rats.
RESULTS IN NORMAL SUBJECTS
In order to establish a baseline of control values for future studies on humans, plasma catechol amines were determined in normal males and females of various ages. All subjects were engaged in their regular duties. Samples were obtained at approximately 9.00 A.M. and were worked on immediately.
The results are presented in Table 5 . When calculated values of epinephrine were less than zero, Manger Table 6 . These samples were taken at the same time on the same day of each week. It should be noted that the epinephrine values are considerably lower than those reported by Weil-Malherbe and Bone (2) . The latter reported average values of 1.18 and 1.46 pg. per liter of plasma in 22 males and 21 females, respectively.
In our study, if all negative values are taken as zero, the calculated means are 0.11 and 0.47 pg. per liter of plasma in males and females, respectively.
The consistently higher concentration of epinephrine (P<0.001) and norepinephrine (P<0.01) in females must be noted.
Included in this study were determinations on subjects in the extreme age groups, i.e., infants and elderly men (Table 7) . Cord blood was obtained at time of birth and samples were obtained from babies brought in for routine examinations.
The elderly men were volunteers from among the occupants of the Old Soldiers' Home in Washington, D. C. In general, both epinephrine and norepinephrine concentrations in the elderly subjects were higher than in the younger group of males. However, to demonstrate a significant difference in the elderly subjects, more determinations would be necessary.
